INTRODUCTION
Moxibustion (Jiu), 1, 2 meaning burning, together with acupuncture (Zhen) comprises the treatment modality Zhen Jiu in Traditional Chinese Medicine. In moxibustion, acupuncture points or areas are heated by the burning of herbs (usually moxa floss or sticks, primarily from Artemisia vulgaris). Moxibustion has been traditionally used for health care and treatment [3] [4] [5] [6] [7] for thousands of years in China, and concerns 8 about the safety of moxibustion-derived burning products (MBP) have aroused as a result of the fine particulate pollution 9 and smog crisis 10 in recent years. As a considerable amount of particulate matter is present [11] [12] [13] in MBP, safety concerns about the potential health risks of MBP are spawning. Recent studies of MBP have reported its constituents, 14 therapeutic efficiency [15] [16] [17] and indoor air quality assessment. Wheeler et al 14 tested several predetermined volatiles from MBP under international standardized conditions and found no immediate concerns from the continued use of moxa. Animal studies showed that MBP might work mutually with moxibustion to bring about immunomodulatory, 15 antiaging, 16 and reproduction-improving 17 effects. Study on healthy young adults showed no significant adverse heart rate variability effects with clinically routined MBP exposure. 18 On the other hand, indoor air quality assessments of moxibustion clinics 19, 20 indicated relatively serious pollution, although the two moxibustion clinics that were investigated 19 had more burning moxa sticks and poor ventilation in the study. Studies also identified particulate matter (PM) with aerodynamic diameter less than 10 μm (PM10) in clinics were higher than the maximum allowable PM10 level in China (GB/T 18883-2002) and WHO. [11] [12] [13] 21 However, data on the safety of MBP is still limited. The potential health threats posed by MBP are becoming the forefront of toxicology and safety studies. To simulate the whole-body exposure mode of practitioners in clinics, used was an experimental device, which could also monitor and display the concentration of MBP real-time. And the acute toxicity and chronic toxicity were assessed.
MATERIALS AND METHODS

Test material
MBP was produced by burning mugwort floss (three year-olds, 0.5 cm × 12 cm, Nanyang Hanyi Moxa Co., Ltd., Nanyang, China), which was conditioned in a sealed room at a temperature of 20-25 ℃ for 7-21 d before burning.
Animal preparation
Male Wistar rats weighing 50-70 g were obtained from the Experimental Animal Center of Academy of Military Medical Sciences, Beijing, China. Rats were quarantined and acclimatized for 1 week before the start of the experiment. They were kept in chambers in a barrier system room under controlled environment conditions at a temperature of (22.0 ± 0.5) ℃ , relative humidity of 30%-70%, and a 12-h light-dark alternating cycle. Food and water were supplied ad libitum. The animal protocols were approved by the ethics committee on Animal Research of Academy of Military Medical Sciences, Beijing, China. All procedures for animal experiments were conducted in accordance with the World Health Organization International Guiding Principles for Biomedical Research Involving Animals.
Exposure device
Mimicking the whole-body mode of practitioners exposed in clinics, an experimental whole-body exposure device (HRH-CSED-A, Beijing Huironghe Technology Co., Ltd., Beijing, China) was selected. The concentrations of oxygen (O2) and MBP were regulated by environmental monitoring and controlling subsystem (Figure 1 ). Rats were exposed to MBP in an exposure chamber (75 cm × 50 cm × 50 cm) at a target value, which was displayed as shading rate (SR: x %) (L = 75 cm).
Acute exposure toxicity study Eighty Wistar rats were randomly divided into 5 groups (n = 16/group, male∶female = 1∶1) by random number table method. They were exposed to five different concentrations of MBP for 2 h, respectively, 95%, 90%, 85%, 80% and 75%. For each group, MBP was stabilized to the pre-set value (95%, 90%, 85%, 80% or 75% ) before the rats were placed in the cabin for whole-body exposure. The timer (2 h) began when the MBP re-stabilized to the pre-set value. The animals had ad libitum access to food and water. The animals were observed for up to 2 weeks after the experiment and the fatalities were recorded to determine LD50. A detailed clinical observation was conducted and complete necropsies of the surviving rats were conducted after anesthetization by intraperitoneal injection of ethyl carbamate (100 mg/mL, 10 mL/kg, Sino Pharm Chemical Reagent Co., Ltd., China). The necropsy included an examination of the external tissues, nasal, cranial, oral, thoracic, abdominal cavities and the visceral organs.
Twenty-four-week repeated exposure toxicity study Based on the calculation of LD50, eighty-four male Wistar rats were randomly divided into one control group (C) and three MBP groups. The experimental groups were exposed to 10% , 40% , or 70% MBP; while rats in the control group were exposed to clean air under the same conditions for 20 min/d, 7 d/week for 24 weeks. The exposure environmental parameters of the device were set to 20%-21% oxygen and temperature (22.0 ± 0.5) ℃ . During exposure, rats had no supply of food or water. Health conditions such as clinical appearance, behavior, appetite, movement, color and composition of stool and urine were monitored daily. Routine examinations were performed twice over a 6-week follow-up period, specifically in weeks 24 and 30. The examinations included body weights (BDs), 6 main ratios of organ weight to body weight (Rs), 10 routine urinary parameters (RUPs), 18 routine hematological parameters (RHPs) and 14 clinical chemistry parameters (CCPs), and 5 main organ microscopic examinations (MEs). Samples collection and examination: urine samples were collected with a plastic centrifuge tube for 24 h and tested using uric dry chemical analysis method. Blood samples were taken from the femoral artery after the rats were deeply anesthetized by intraperitoneal injection of ethyl carbamate in different tubes. The blood samples in the tubes containing di-potassium ethylenediaminetetraacetic acid (K2 EDTA) were tested in a blood analyzer (Beckman, Brea, CA, USA) for comparison of hematological parameters. Those containing the inert separation gel and coagulant were centrifuged at 3000 r/min for 15 min. The serums were tested in an automatic biochemical analyzer (AU400, Olympus Corporation, Shinjuku-Ku, Tokyo, Japan) for comparison of clinical chemistry parameters. Each rat was then subjected to full necropsy including weighing and examination of the brain, heart, liver, spleen, lungs, kidneys, and testicles. The tissues of brain, heart, liver, spleen, lungs, kidneys and testicles were preserved in 10% neutral buffered formalin, desiccated and embedded in paraffin, and were cut and stained with the standard hematoxylin and eosin (HE) method. The histopathological observations were conducted under a light microscope [Nikon imaging (China) Sales Co., Ltd., Shanghai, China].
Concentration conversion
No observed adverse effect level (NOAEL) is the greatest concentration found by experiment or observation, which causes no detectable adverse alteration of morphology, functional capacity, growth, development, or life span of the target organism under defined conditions. 22 To determine the NOAEL level in our study, a conversion of the shading rate to mass concentration of PM10 was conducted.
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PM10 was monitored with a portable light-scattering digital dust tester (P-5L2C, DT, Beijing BINTA Green Technology Co., Ltd., Beijing, China) by using dynamic laser scattering method. 24 The measuring device of the light-scattering digital dust tester was calibrated using a gravimetric method before the study to ensure accurate mass concentra- Figure 1 Gas exposure system V1/ V2/ V3: flow control valve; V1: MBP; V2: oxygen (O2); V3: exhaust MBP; MFC: mass flow controller; MBP: moxibustion-derived burning products. The gas exposure system consists of exposure chamber, sampling analysis system, exposure environmental monitoring system, signal processing system, computer control system, humidifier, MFC and filters. Work principle: MBP was mixed with oxygen by V1 and V2 in the vortex mixer. The mixed MBP was then delivered into the exposure chamber where the rats were exposed. Exhaust MBP was discharged by V3. V1, V2 and V3 were maintained respectively by MFC and control system. A humidifier was required if the mixed gas in exposure chamber was not wet enough. Test parameters, such as pressure, humidify, temperature, O2 could be continuously monitored by the appropriate sensors and alarms. Sample MBP was taken into the sampling analysis system from the chamber and then back into the chamber again by the sampling pump. tions. Taking into consideration the measuring range of the light-scattering digital dust tester, 7 shading rates of 4%, 6%, 8%, 10%, 20%, 40% and 50% were set up separately in the chamber and the mass concentration of PM10 was detected thrice, lasting 3 mins each time. Therefore, every shading rate could be expressed in PM10. The program Matlab was then used to curve fit the conversion between PM10 and shading rate. BDs, Rs, RUPs, RHPs and CCPs were analyzed by one-way analysis of variance with Dunnett's post-test (vs C). The results were presented as mean ± standard deviation ( x ± s). P < 0.05 was considered to be statistically significant. In the RUPs test, data presented as counts and x ± s. "(-)" was scored 0, "(-+)" scored 1, "(+)" scored 2, "(++)" scored 3, "(+++) " scored 4; Spearman test was used for the analysis of dose-response relationship. The program Matlab 7.0 was used using least squares method for the concentration conversion.
Data analysis
RESULTS
Acute exposure toxicity study
In this study, rats were exposed to MBP at doses of 95%, 90%, 85%, 80% and 75% for 2 h. Clinical signs of smoke-related toxicity such as body shaking, difficult breathing, eye and nasal discharge, opisthotonos, and urinary incontinence were observed during the exposure period. The deaths during the 2-week observation period were recorded, and they were 16, 13, 7, 6 and 3 respectively at different doses (n = 16). No toxicity on organs was found by gross necropsy, except for pulmonary congestion and edema. Under the conditions of this study, the LD50 whole-body exposure to MBP in rats was 86.274%.
Twenty-four-week repeated exposure toxicity study
This study lasted 30 weeks, comprising a 24-week exposure and 6-week follow-up period. During the exposure period, some MBP-related decline in activity could be seen. Rats in the control group and in the 10% group moved about in a stop-start motion. Rats in the 40% group either lay on their backs in groups of twos and threes or moved in a similar fashion as those in the control group. Rats in the 70% group crammed together and lay motionless with their eyes shut. In the later stages of the exposure period, light reddish-brown stained fur could be seen on the necks and backs of the rats in the 70% group. Throughout the 24-week MBP exposure and 6-week recovery period, no deaths occurred in any group and the rats had normal diet and normal stool.
The routine examination results are shown in Table 2 . The toxicity effects differed significantly from control (P < 0.05) and manifested in a dose-response relationship that exceeded normal ranges. 26 In the 10% group, no toxicity effect was found. Exposure to 40% MBP caused a decrease in BDs in week 24, which vanished by week 30. At the highest MBP dose (70% ), there were decreases in BDs and platelet count, and increases in Rs of testicle and total bilirubin of CCPs (within the rats' normal range) in week 24, which went away by week 30. Changes in the nitrite and specific gravity of RUPs were observed in week 30, although these changes were also within the rats' normal range. The white blood cell count, lymphocyte count and neutrophil granulocyte % of RHPs displayed an opposite trend in week 30 as compared to that in week 24. Systematical histological evaluation was performed on the main organs of the rats. Gross necropsy showed no damage to organs or tissues. No pathological effects induced by MBP were observed in the brain, heart, liver, spleen, kidney and testicles, but changes were observed in the lungs in the 40% and 70% group (Figure 2) . Changes on lungs mainly showed as inflammatory granulocyte infiltration, disseminated, thickening of the alveolar septa and focal hemorrhages and alveolar cavity expansion, which were still present in week 30.
Concentration conversion
The results are graphically displayed in Figure 3 . 23 The function was as follows: f(t) = 414.4403*t^2 + 263.8095*t-3.0725. The PM10 mass concentration at 10% shading rate for the NOAEL was calculated to be 27.45 mg/m 3 for MBP (Figure 3) , which is nearly 10-fold the concentration of MBP in normal clinic setting.
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DISCUSSION
In the study, MBP exposure was found to cause changes in the respiratory and central nervous systems. The whole-body exposure LD50 in rats was 86.274% 2 h, which far exceeded the estimated maximum clinical exposure limit. However, the hazardous level of MBP could not be determined using the Globally Harmonized System of classification and labelling of chemicals (GHS), an internationally agreed system of classification published by the United Nations for physical, health and environmental hazards, as MBP is a complex mixture of particles, liquids and gaseous compounds and does not fall within the different categories in GHS. 27 This study is just the beginning of a systematic MBP toxicology study. Present research on acute smoke exposure mainly focused on smoke in fire, which were mixtures of carbonaceous particles suspended in hot air and toxic gases. [28] [29] [30] [31] [32] In fire smoke research, carbon monoxide (CO) and primarily hydrocyanic acid (CNH) provoke tissue anoxia, 28 and fire victims Table 1 Routine examination in Wistar rats during the 24-week repeated exposure study ( showed a positive result of hydrogen cyanide (HCN), ethanol and carbosyhaemoglobin (COHb). 29 Lee et al 30 gained insight into the progression of CO poisoning. CO specifically inhibited cytochrome oxidase and intravascular neutrophil activation, followed by increased brain expression of nitric oxide synthase (NOS). The production of CO and carbon dioxide (CO2) depended on smoke suppressants and fire conditions used during testing samples, 31 and CO was found to be well confined to near the fire region of the conduit. 32 In our study, moxa was burnt in a combustion furnace and the MBP produced was delivered into the exposure chamber using a conduit. Therefore, the CO produced from moxa combustion was most likely to be concentrated in the furnace where combustion occurred and not the exposure chamber where the experiment took place. Furthermore, moxa was burnt under well-ventilated conditions in the study, suggesting that CO production should be in limited quantity. Nonetheless, as the concentrations of CO were not monitored in the study, the acute toxicity effects might well be induced by CO, although the acute toxicity. In the 24-week repeated exposure toxicity study, rats were administered MBP at doses of 10%, 40% or 70% for 20 min daily to evaluate the potential toxicity of chronic exposure. Rats in the 10% group were found to be in good health condition, while those in the 40% and 70% group were affected to various degrees. CCPs reflected that liver and kidney functions of the rats at all doses were normal. Beside the irreversible lung injury found in the in the 40% and 70% group in this study, there were no cancerous changes and no damages to the brain, heart, liver, spleen, kidneys and testicles observed by gross necropsy and MEs, which were similar to the findings in another 3-month toxicity study. 33 The increased Rs of the testicle in the 70% group might be an indication of improvement of the male reproductive system. 17 Nonetheless, some toxicity effects were still observed. Firstly, there was a slight decline in rats' activity, which was consistent with the results reported in a clinical study. 18 Secondly, the BDs in the 40% and 70% group decreased in week 24 but recovered by week 30, which suggests that the rats recovered from MBP exposure by week 30. In addition, the decrease in PLT in the 70% group, which also recovered by week 30, implies that injuries to the blood coagulation system was reversible. As for the changes in WBC and NIT in the 70% group in week 30, they might present as a result of infections instead. 34 There were changes in some parameters that were significant, but these had poor diagnostic value. On the whole, the present study found that MBP exposure in the 10% group (27.45 mg/m 3 ), which is 10-fold the concentration of MBP in in normal moxibustion clinical setting, 11 was under the critical threshold of rats' safety. A previous study on acute and 3-month toxicity of MBP on Sprague-Dawley rats found no evident toxicity in rats at a concentration of 95 mg/m 3 . 33 In our study, MBP of 10% (27.45 [16] [17] [18] However, most of these studies on smoke mainly focused on atmosphere particulates, especially the concentrations of fine particulate matter (PM2.5), CO2, CO and volatile organic carbon (VOC) including polycyclic aromatic hydrocarbons (PAHs) and sulfur dioxide (SO2). 37 Studies on atmosphere particulates 38 provided little insight to the causative factor that might be responsible for the adverse effects, which could either be a single major or trace component of the particulate matter. Different particle characteristics 39 might activate different signaling pathways. One study showed that the oxidative DNA damage induced by individual PM10 in moxibustion environment was lower than that reported in other environments. 12 Besides, MBP with clinically routine exposure might have positive regulating effects on autonomic function. 17 The lung injury found might be due to smoke rather than a constituent in MBP. 40 This study was conducted in accordance with the national standards of China, GB 5085.2-2007 and GB/T 21765-2008. BDs, Rs, 18 RHPS, 10 RUPs, 14 CCPs and ME of five main organs were examined in weeks 24 and 30. All of these analyses are routine examination indexes and they also reflect the various kinds of diseases that might be present in a timely fashion. As for the exposure system, it simulated the actual environment in moxibustion clinics with better control of the parameters such as temperature and oxygen. Furthermore, a laser-diode based optical system was installed to ensure that the moxa smoke concentration could be displayed real time and controlled automatically. This optical analysis method had advantages of a large measurement range and online measurement. These instrumentations are rarely used in MBP studies. 33 A concentration conversion between the shading rate (0-50%) and mass concentration of PM10 [41] [42] [43] was performed at the end of the study to determine NO-AEL. Nevertheless, there are some limitations in this study, such as the concentration of CO was not monitored and only male rats were selected for the study. 44 In conclusion, the study presented the acute and 24-week repeated exposure toxicity study on MBP. LD50 (86.274% , 2 h) and NOEAL (10% , 27.45 mg/m 3 , 20 min) was obtained. Exposure to MBP above NO-AEL might lead to toxicity with declined activity, reversible damage to the coagulation system and irreversible lung injury. MBP concentration in clinics should be reduced to a safe level by maintaining appropriate ventilation.
